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I. INTRODUCTION
People have proposed various baryogensis mechanisms to understand the cosmic matter-antimatter asymmetry which is as same as a baryon asymmetry. The leptogenesis [1] [2] [3] in seesaw [4, 5] context has become one of the most attractive baryogenesis mechanisms because it can simultaneously explain the generation of baryon asymmetry and the smallness of neutrino masses. However, the conventional leptogenesis scenario contains many free parameters so that it cannot give the exact dependence of the baryon asymmetry on the neutrino mass matrix unless we do some assumptions on the texture of the relevant masses and couplings. For example, we can expect a successful leptogenesis in the canonical seesaw model even if the neutrino mass matrix doesn't contain any CP phases [6] .
In this paper we shall propose a new leptogenesis scenario in an SU (3) c × SU (2) L × SU (2) R × U (1) L × U (1) R left-right symmetric [7] model to give some predictions on the mass scale m ν and the CP violation J CP of the Dirac neutrinos. Motivated by solving the strong CP problem without introducing an unobserved axion [8] [9] [10] [11] [12] [13] , we will consider a softly broken parity symmetry under which the dimensionless couplings of the SU (2) R × U (1) R mirror fields are identified to the couplings of the SU (2) L × U (1) L ordinary fields. The mirror Dirac neutrinos can have a heavy mass matrix proportional to the seesaw-suppressed [14] mass matrix of the ordinary Dirac neutrinos. Through the SU (2) R gauge interactions, the mirror neutrinos can decay to produce a lepton asymmetry in the mirror muons and an opposite lepton asymmetry in the mirror electrons. Both of the mirror muons and electrons can decay into the ordi- * Electronic address: peihong.gu@sjtu.edu.cn nary right-handed leptons with some dark matter scalars. But the lifetime of the mirror muons can be shorter than that of the mirror electrons. This means the mirror electron asymmetry can be expected not to participate in the SU (2) L sphaleron processes. In other words, only the mirror muon asymmetry can be partially converted to a baryon asymmetry.
and the following scalars,
Here the ordinary fields without prime are charged under the SU (2) L × U (1) L gauge groups while the mirror fields with prime are charged under the
with the brackets being the U (1) L × U (1) R charges. Furthermore, we introduce the ordinary right-handed neutrinos and the mirror left-handed neutrinos,
which are SU (2) L,R × U (1) L,R singlets but carry a quantum number Q N = +1 under an additional U (1) N gauge symmetry. The scalars (φ, φ ′ ) and (η, η ′ ) can be distinguished as they are assumed to have the U (1) N charges Q N = 0 and Q N = −1, respectively. The parity invariant Yukawa interactions involving the above fields then can be written down,
The ordinary fermions(scalars) are odd(even) under a Z 2 discrete symmetry while the mirror fermions(scalars) are odd(even) under a Z ′ 2 discrete symmetry. This Z 2 × Z ′ 2 symmetry will not be broken at any scales. Therefore, the scalars χ d,u,e will not acquire any nontrivial vacuum expectation values. At least two of the scalars χ d,u,e can keep stable because of their couplings,
We can consider
develops its vacuum expectation value. In the presence of the cubic terms as below,
the [SU (2)]-doublet scalars η and φ ′ can obtain the induced vacuum expectation values,
As the discrete parity symmetry is softly broken in the scalar potential, the ordinary(mirror) vacuum expectation values can have a large(mild) hierarchy,
After the above symmetry breaking, it is easy to read the following relation between the ordinary and mirror fermion mass matrices from the parity invariant Yukawa interactions (5),
Here m f and M f ′ denote the ordinary and mirror fermion mass eigenvalues, while V and U are the CKM and PMNS matrices. Clearly, the mirror Dirac neutrinos have a heavy mass matrix proportional to the seesawsuppressed mass matrix of the ordinary Dirac neutrinos. For the following demonstration, we also give the charged gauge boson masses
as well as the PMNS matrix which now doesn't contain any Majorana phases, 
III. MIRROR LEPTON ASYMMETRIES
The mirror neutrinos can have the two-body and threebody decay modes as shown in Fig. 1 , when their masses are in the following range,
We calculate the decay width at tree level,
where the parameter ξ is given by
Although the mirror neutrino decays exactly conserve the lepton number, they can generate a lepton asymmetry in the mirror muons and an opposite lepton asymmetry in the mirror electrons at one-loop level,
The mirror neutrino decays at tree level. Note the mirror top quark cannot appear in the final states for the assumed kinematics. The CP-conjugation processes are not shown for simplicity.
The relevant diagrams are shown in Fig. 2 . If the mirror neutrinos have a quasi-degenerate mass spectrum, the self-energy corrections will dominate the CP asymmetry with a resonant enhancement [15] ,
It is easy to read the CP asymmetries in the decays of the quasi-degenerate mirror neutrinos, 
In the case the mirror neutrinos have a hierarchical mass spectrum, both the self-energy corrections and the vertex corrections will significantly contribute to the CP asymmetry,
The CP asymmetry in the decays of the lightest mirror neutrino (ν ′ 1 for normal hierarchy or ν ′ 3 for inverted hierarchy) then should be given by
In the presence of the scalars χ d,u,e , the induced mirror electron and muon asymmetries will be immediately cancelled each other if the decaying and scattering processes shown in Fig. 3 are very fast. We expect such processes to go into equilibrium at some low temperatures such as T sph ∼ 100 GeV where the SU (2) L sphaleron processes have not been active no longer. For this purpose we can require the interaction rates smaller than the Hubble constant at the crucial temperature T sph ,
Here the Hubble constant is given by
with M Pl ≃ 1.22 × 10 19 GeV being the Planck mass and g * = 106.75 being the relativistic degrees of freedom.
IV. ORDINARY BARYON ASYMMETRY
It is well known we can obtain a baryon asymmetry from a lepton asymmetry produced before the SU (2) L sphaleron processes stop working at a temperature around T sph ∼ 100 GeV [16] . On the other hand, we have already got a lepton asymmetry stored in the mirror muons and an opposite lepton asymmetry stored in the mirror electrons. These mirror muons and electrons will decay into the ordinary right-handed leptons
The lepton-number-conserving decays for generating a lepton asymmetry in the mirror muons and an opposite lepton asymmetry in the mirror electrons. The CP-conjugation processes are not shown for simplicity. 
FIG. 4:
The three-body decays of the mirror muons and electrons into the ordinary leptons and the dark matter scalars. The CP-conjugation processes are not shown for simplicity.
with some stable scalars. The mirror muon and electron decays have been shown in Fig. 4 . If the mirror muons and electrons both decay efficiently above the scale T sph , the mirror muon and electron asymmetries will both participate in the sphalerons. In consequence, we will fail in getting a nonzero baryon asymmetry from the induced mirror lepton asymmetries. However, it is allowed that the mirror muons can have a shorter life time while the mirror electrons can have a longer life time, i.e.
In this case, similar to the left-handed lepton asymmetry and the opposite right-handed neutrino asymmetry in the neutrinogenesis scenario [17] , the mirror muon asymmetry rather than the mirror electron asymmetry will be partially converted to an ordinary baryon asymmetry through the sphalerons [18] ,
Here we have taken the weak washout condition
into account. This can be achieved by choosing the mirror neutrinos heavy enough.
By inputting the cosmic baryon asymmetry [19] , 
we can drive a low limit on the CP violation for the quasi degenerate neutrinos,
alternatively, a low limit on the mass scale for the maximal CP violation, 
V. STRONG CP PROBLEM AND DARK MATTER
The present model give a non-perturbative QCD Lagrangian as follows,
where θ is the original QCD phase while M u and M d are the mass matrices of the ordinary and mirror down-and up-type quarks, respectively,
+ H.c. with
When the θ-term is removed as a result of the parity invariance, the real determinants Det(M d ) and Det(M u ) will lead to a zero ArgDet(M u M d ). We hence can obtain a vanishing strong CP phaseθ.
The model also contains two stable scalars χ d and χ u because of the unbroken Z 2 × Z ′ 2 symmetry. These scalars can annihilate into the ordinary species through their Yukawa interactions and Higgs portal. For a proper choice of their masses and couplings, they can obtain a right relic density to explain the dark matter puzzle. This type of scalar dark matter has been studied in a lot of literatures [21] .
VI. SUMMARY
In this paper we have proposed a new leptogenesis scenario in the left-right symmetric framework to predict the low limits on the neutrino mass scale and CP violation from the cosmic baryon asymmetry. These predictions may be verified by future neutrino oscillation experiments and cosmological observations. Our model contains a softly broken parity to solve the strong CP problem without introducing an unobserved axion. The Dirac neutrinos obtain a seesaw-suppressed mass matrix. Some dark matter scalars also participate in the leptogenesis processes.
